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A B S T R A C T

Objective: Bodyweight loss is essential to lower risk factors for type 2 diabetes and cardiovascular disease in
overweight patients. Therefore, we examined the effectiveness of the RNPC® program for short and long term
bodyweight reduction.
Methods: The RNPC® program is a novel weight loss and maintenance program achieving weight loss by an
energy-restricted 800–1000 kcal/day high-protein low-glycemic diet (weight loss phase), followed by an in-
tensive follow-up with a step-wise increase in energy intake to reach energy balance (weight stabilization
phases). The analysis included 12,179 overweight or obese patients treated in 54 RNPC® weight loss clinics in
France.
Results: A total of 10,809 (89%) patients completed the initial weight loss phase and 2996 (25%) completed the
full program. Median weight loss percentage was 10.7% (Interquartile range [IQR]: 5.8; 16.5) after a median of
105 days (IQR: 56; 175) during the weight loss phase, and a median of 17.5% (IQR: 12.7; 24.2) after a median of
251 days (IQR: 187; 350) at program completion.
Conclusion: The RNPC® program is cost-effective and well tolerated for short-term body weight loss as well as
effective in the long term among the patients completing the program. The program might be particularly
effective among patient with elevated fasting glucose.

What is already known about this subject

• High-protein diets are preferred for weight loss and weight loss
maintenance.

• An initial large and rapid weight loss is a determinant of long-term
weight maintenance success.

• Losing weight is difficult but long-term weight loss maintenance is
even more difficult.

What this study adds

• The RNPC® program is cost-effective compared to other programs
and pharmaceuticals.

• The RNPC® program is well tolerated for short-term body weight loss
as well as effective in the long term among the patients completing
the program.

• The program was more effective among patients with elevated
fasting plasma glucose although likely to have been confounded by
baseline body size.

1. Introduction

Overweight and obesity are a global health problem, and the
number of adults with obesity has doubled since the 1980's. Globally,
39% of adults were overweight and 13% were obese in 2014 (WHO,
2017). Overweight and obesity account for almost half of the global
burden of diabetes and more than a fifth of ischemic heart diseases
(WHO, 2009). A 5–10% weight loss is linked to clinically relevant re-
ductions in risk factors for diabetes and cardiovascular diseases.
Therefore, for individuals with overweight or obesity or those at high
risk of developing obesity and its comorbidities, the World Health Or-
ganization points toward the need for initiatives and health profes-
sionals with expertise in obesity management. This should support
prevention of weight gain, help promotion of weight maintenance,
support management of obesity comorbidities and promote weight loss
(WHO, 2000). Several more or less efficient weight loss programs have
been designed for achievement of weight loss (Gudzune et al., 2015),
however, with less focus on the weight loss maintenance. Weight regain
typically occurs after weight loss (Sacks et al., 2009; Larsen et al.,
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2010), and after a weight loss ≥10% of initial body weight, only about
20% succeed in maintaining weight loss over the long term (>1y)
(Wing and Phelan, 2005). The optimal diet composition for body
weight management is still being debated; however, some diets seem to
be better than others in terms of controlling appetite and reducing
weight regain. According to results from the pan-European Diogenes
study, that investigated weight loss maintenance with ad libitum diets in
four combinations of low and high protein, and low and high GI or a
control diet, the combination of high protein and low GI was the most
successful diet for weight loss maintenance (Larsen et al., 2010). Pro-
tein is regarded as the most satiating macronutrient per calorie, and a
dose-response relationship between protein content of the diet and
subjective feelings of satiety has previously been shown (Belza et al.,
2013). Earlier, a high-protein diet was also shown to induce a larger
weight loss than a high-carbohydrate diet (Skov et al., 1999), and a
high weight loss is preferable, as larger weight reduction during a
weight loss intervention is a predictor for successful long-term weight
maintenance (Sawamoto et al., 2017; Unick et al., 2014). Furthermore,
the odds of regaining weight decrease the longer the weight loss is
maintained, and individuals who maintain weight loss longer> 2y re-
duce their risk of subsequent regain by ∼50% (Wing and Phelan,
2005).

The aim of the present study was retrospectively to examine the
effectiveness of the RNPC® program – a novel dietary approach carried
out at 54 centers in France - for short and long-term reduction of body
weight, fat mass and waist circumference. Secondarily, possible pre-
treatment determinants of successful weight loss and weight main-
tenance among the RNPC® patients were investigated.

2. Materials and methods

2.1. Design

The RNPC® program (for Rééducation Nutritionnelle Psycho-
Comportementale, i.e. Nutritional Psycho-Behavioural Reeducation). is
a novel ongoing weight loss program managed by 54 RNPC® centers
distributed across France. The concept of the RNPC® program is a three-
phase weight loss and weight loss maintenance program
(Supplementary Fig. 1). During the entire program, frequent measure-
ments and nutritional consultations of patients are carried out every
second week at the RNPC® center with a trained dietician. The frequent
visits were ensured by providing the patient only with the number of
RNPC® meal supplements needed until next visit. The program starts
with a weight loss phase where a rapid weight loss is achieved. The
patient determines his target weight loss in agreement with the dieti-
cian and the physician. When the objective is reached, the weight loss
phase is followed by a weight stabilization phase, during which energy
intake is gradually increased in five steps. Between each of the five
steps of the stabilization phase, energy intake is increased according to
the calculation: next energy level = previous energy level + (post-
weight loss energy requirement – weight loss energy intake)/5. Post-
weight loss energy requirement was determined by the Black's formula
(Black et al., 1996) using a sedentary physical activity level of 1.375.
The program ends with a weight maintenance phase where energy in-
take matches the post-weight loss energy requirement, thereby energy
balance is achieved. In the weight-maintenance phase no RNPC® meal
supplements are consumed, and consultations with the RNPC® dietician
are optional, but offered as long as the patient's wishes this support. The
phases of the RNPC® program are designed to be of individual-specific
time-duration depending on the size of the achieved weight loss. For
each one kg body weight lost during the initial weight loss period, one
week is added to the weight stabilization phase. For example, a person
achieving a 15-kg weight loss during the weight loss phase would have
three weeks in each of the five steps in the stabilization phase, thus a
total of 15 weeks in the stabilization phase, before entering the weight
maintenance phase. The RNPC® program was designed to be very

dynamic and manageable in real life, in order to support the patients in
completing the program and hence achieving weight loss and weight
loss maintenance. Therefore, in case of weight regain during the pro-
gram, the patients were allowed to relapse to an earlier energy level of
their program. Also, more than one weight-loss phase could take place
if needed, and patients could participate in the program more than
once.

2.2. Diet

The RNPC® weight loss diet is composed of daily intake of vege-
tables, animal protein (from meat, fish, eggs or shellfish), and com-
mercially available meal supplements in the form of snacks (biscuits,
cereal bars, bread, crackers, soups, omelets, drinks and desserts) which
the patients can eat whenever they want. The weight loss diet targets an
energy intake of 800 kcal/day in women and 1000 kcal/day in men,
and a macronutrient composition of 60% proteins (1.5 g/kg in men and
1.2 g/kg in women), 25% low-GI carbohydrates, and 15% fat. The
RNPC® meal supplements were selected to support a high level of high-
quality proteins (containing an average of 110 kcal, 15.8 g proteins,
2.4 g carbohydrates, 5.4 g fats and 2.3 g fibers, for an average serving
size of 30 g) in the diet and these were fortified with vitamins and
minerals in order to avoid deficiencies caused by a low energy intake.
Also, the products comply with the requirements specified by the
European Food Safety Authority (EFSA Panel on Dietetic Products
Nutrition and Allergies (NDA), 2015). During the weight loss phase, the
RNPC® meal supplements contribute approximately 40% of the total
energy intake. During the weight stabilization phases of the RNPC®

program, the intake of meal supplements gradually decreases as the
patients' normal diet was reintroduced by the dieticians; however, with
increased focus on dietary sources of high-quality proteins. Energy
percentage from dietary proteins is gradually decreased during the
course of the weight stabilization phase, and targeted a macronutrient
composition of 25% proteins, 45% carbohydrates and 30% fats at the
transition to the weight maintenance phase, i.e. completion of the
program. The diets throughout the program are designed individually
by the RNPC® dieticians by use of an in-house nutrition-calculation
software (RNPC PILOT®).

2.3. Patients

The majority of the patients in the program were referred to the
RNPC® program by their physicians, because of overweight or obesity
while having at least one body weight-related co-morbidity. However,
patients could also join the program without being directly referred by
their physician. For instance this could be through word of mouth,
flyers, or the RNPC® Internet site, followed by a written consent from
the patient's physician. Blood analyses, with at least an evaluation of
renal function, and an evaluation of pathologies and pharmaceutical
treatments of the patient by the physician, were also mandatory to be
enrolled in the program.

2.4. Measurements and calculations

Body weight and body fat percentage were measured at baseline, as
well as at each follow-up visit at the dieticians by use of a calibrated
bioelectrical impedance scale (Beurer BG42, Ulm, Germany). The per-
centage of body weight lost as fat-free mass was calculated as: (Δfat-free
mass/Δweight) x 100%. Height was measured to the nearest cm at
baseline using a height gauge. Body mass index (BMI) was calculated
with the formula: body weight [kg]/(height [m])2. Waist circumference
(WC) was measured to the nearest cm at the natural waist. However, for
patients with abdominal adiposity with no visible natural waist, the
measurement was taken at the level midway between the lowest rib and
the iliac crest, approximately 2–5 cm above the navel.

A 12-h fasting blood sample was drawn at baseline and analyzed for
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the content of glucose. The physicians were encouraged to order these
blood analyses. Methods used for all blood sample analyses were all
validated according to the general requirements defined by the NF EN
ISO 15189 and NF EN ISO/IEC 17025 standards for routine blood
sample analysis. All data was entered in MySQL 5.7 database, and the
database was managed by the IT consultant company Oriolis
(Villeurbanne, France).

According to the RNPC® program, drop-out was evident when a
patient did not return to counselling and measurement within 3 months
since last counselling and measurement. We applied the same 3-month
criteria to determine drop-out rates in this study. Two alternative op-
tions for a patient were possible; either the patient had completed the
program or else the patient was ongoing in the program, but had not yet
completed it. We determined both drop-out and ongoing rates, and the
results are based on the patients who completed the weight loss phase
and the patients who completed the weight stabilization phase, re-
spectively. We did not consider potential data from the weight main-
tenance phase, as these measurements was carried out sporadically
among a sample likely to be non-representative for the entire patient
population. There was no exclusion criteria based on medications or
medical conditions; however, protein intake was reduced among pa-
tients with poor renal function according to the recommendations from
the Haute Autorité de Santé. The only exclusion criterion was preg-
nancy. Furthermore, we excluded patients with an age< 18 years and a
baseline BMI<25 or waist circumference< 80 cm for women and<
94 cm for men from the current analyses. Finally, the current analysis
only included the first weight loss and subsequent weight stabilization
cycle of each patient.

In the analyses of potential predictors for successful weight loss and
weight loss maintenance, the patients were stratified according to
gender and according to baseline fasting plasma glucose (FPG) levels
i.e. normoglycemic (< 90mg/dL and 90 to< 100mg/dL), prediabetic
(≥100 to<115mg/dL and ≥115 to ≤125mg/dL) or diabetic
(> 125mg/dL) as pre-treatment FPG was recently shown to determine
weight loss and weight loss maintenance success to diets varying in
macronutrient composition and fiber content (Hjorth et al., 2017,
2018).

2.5. Statistical methods

Baseline characteristics were summarized as mean ± standard de-
viation (SD), median (interquartile range [IQR]), or as proportions.
Differences in baseline characteristics between patients dropping out or
not as well as genders were assessed using two-sample t-tests (variables
possibly transformed before analysis) or Pearson's chi-squared tests.

Univariate linear mixed models were used to test the association
between several baseline characteristics and change in weight from
baseline to the end of the weight loss phase (with RNPC site as random
effect) as well as to the end of the last stabilization phase (with subjects
and RNPC site as random effects). Selected models were in subsequent
models adjusted for a number of covariates.

Estimated mean body weight with 95% confidence intervals for
both genders separately was analyzed by means of linear mixed models
using all available weight measurements (also from non-completers).
The linear mixed models included the two-way interaction between
genders and time strata as well as both nested main effects and com-
prised additional fixed effects including baseline BMI, age, as well as
random effects for subjects and RNPC site. Same model was used to
estimate mean waist circumference with 95% confidence intervals. The
level of significance was set at P < 0.05 and statistical analyses were
conducted using STATA/SE 14.1 (Houston, USA).

3. Results

3.1. Patients

12179 patients were included at baseline, of these 9166 (75%) were
women and 3013 (25%) were men. Baseline characteristics of the in-
cluded patients are shown in Table 1. A total of 1318 patients (11%)
dropped out during the weight-loss phase, 52 patients (0.4%) had no
measurement at termination of the weight-loss phase despite con-
tinuing in the program and 10809 of the patients (89%) completed the
weight-loss phase. A total of 4525 patients (37%) did not continue after
completing the weight-loss phase while 335 patients (3%) were still
ongoing in the weight stabilization phase resulting in 6001 (49%) pa-
tients either completing or dropping out during the weight stabilization
phase. In total, 2996 patients (25%) completed the weight stabilization
phase (see Fig. 1).

No difference in dropout during the weight loss phase was found
between genders (P= 0.43) or according to baseline weight (P= 0.92),
BMI (P=0.23), or age (P=0.13). In contrary, among the 12179 pa-
tients starting the program, a larger proportion of the patients com-
pleting the weight stabilization phase were men (27% vs. 24%), had a
4.3 (3.6; 5.0) kg lower baseline bodyweight, a 1.6 (1.4–1.8) unit lower
BMI and were 1.7 (1.0; 2.4) years older (all P < 0.001).

3.2. Weight loss and weight loss maintenance

The median weight loss and weight loss percentage during the
weight loss period were 7.9 kg (IQR: 4.4; 12.3) and 10.6% (IQR: 5.6;
16.4) in women (n=8123), and 10.3 kg (IQR: 6.0; 15.4) and 11.0%
(6.3; 16.8) in men (n=2686). The median duration of the weight loss
phase was 111 days (IQR: 57; 182) in women and 92 days (IQR: 48;
157) in men. At completion of the weight stabilization phases median
weight loss and weight loss percentage were 12.2 kg (IQR: 8.9; 16.5)
and 17.7% (IQR: 12.8; 24.5) in women (n=2172, obs= 2250) and
14.5 kg (IQR: 10.5; 20.2) and 16.9% (IQR: 12.4; 23.2) in men (n= 824,
obs= 855). The median for the full program was 258 days (IQR: 196;
362) for women and 230 days (IQR: 167; 318) for men. The weight loss
curve for the full program is shown in Fig. 2.

During the weight loss phase, patients (n=2981) who later com-
pleted the weight stabilization phases lost 12.4 kg (13.6%) of their body
weight, while those who did not complete the weight stabilization

Table 1
Baseline characteristics among patients starting on the RNPC® program strati-
fied by gender.

Women Men P-value

N % of n/mean
(SD)/median
(IQR)

n % of n/mean
(SD)/median
(IQR)

Smoking 9166 19.3% 3013 20.2% 0.29
Hypertension

treatment
9166 6.2% 3013 9.8% <0.001

Diabetes treatment 9166 1.6% 3013 3.4% <0.001
Age (years) 9165 53.7 (14.2) 3013 55.8 (13.2) < 0.001
Body weight (kg) 9166 84.8 (76.0;

96.1)
3013 104.7 (95.0;

116.8)
<0.001

Height (cm) 9097 163 (6) 2985 176 (7) <0.001
Waist circumference

(cm)
9133 103 (96; 113) 2998 116 (109;

125)
<0.001

Body mass index (kg/
m2)

9097 32.2 (29.0;
36.1)

2985 34.0 (31.1;
37.4)

< 0.001

Fat mass (%) 8740 41.2 (4.8) 2842 37.2 (4.5) < 0.001
Fasting glucose (mg/

dL)
6130 96 (89; 105) 1969 103 (95; 115) <0.001

Analyzed by t-tests (numerical data; possibly transformed before analysis) or
chi2-tests (categorical data).
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phases (n=7492) lost 8.8 kg (9.1%). Therefore, patients completing
the entire program lost 3.9 kg and 4.7% more of their initial body
weight (both P < 0.001) during the weight loss phase compared to
those completing the weight loss phase but not the weight stabilization
phases.

3.3. Waist circumference

The median reduction in waist circumference during the weight-loss
phase was 10 cm (IQR: 6; 14, n= 8030) in women and 11 cm (IQR: 7;
16, n=2643) in men. At completion of the stabilization phases, the
median reduction in waist circumference were 14 cm (IQR: 11; 19,
n=2157, obs= 2235) in women, and 16 cm (IQR: 12; 21, n=814,
obs= 845) in men. The change in waist circumference for the full
program is shown in Fig. 3.

During the weight loss phase, patients (n=2974) who later com-
pleted the weight stabilization phases reduced their waist

circumference by 13.1 cm (12.2%) while those who did not complete
the weight stabilization phases (n=7368) reduced their waist cir-
cumference by 9.7 cm (8.8%). Therefore, patients completing the entire
program reduced their waist circumference by 3.5 cm and 3.4% more
(both P < 0.001) during the weight loss phase compared to those
completing the weight loss phase but not the weight stabilization
phases.

3.4. Body composition

The median percentage of body weight lost as fat-free mass during
the weight loss period was 38.9% (IQR: 29.5; 41.7, n= 7429) in
women and 39.3% (IQR: 35.2; 41.7, n= 2406) in men. During the
stabilization phases, these numbers were 39.2% (32.4; 41.1, n= 2002,
obs= 2072) in women and 39.2% (36.9; 40.8, n= 749, obs= 779) in
men.

Fig. 1. Participant flow diagram.

Fig. 2. Body weight during the RNPC® program stratified by gender. Data are
presented as estimated mean body weight with 95% confidence intervals for
each combination of the time-gender strata interaction in the linear mixed
models, which were additionally adjusted for baseline BMI and age as fixed
effects as well as subjects and RNPC site as random effects. The median (IQR)
number of days is presented at completion of the weight loss phase [105 days
(56; 175)] and weight stabilization phases [251 days (187; 350)]. Patients in-
itiating the program (women: 9166; men: 3013), completing the weight loss
phase (women: 8123; men: 2686), and completing the weight stabilization
phases (women: 2172; men: 824).

Fig. 3. Waist circumference during the RNPC® program stratified by gender.
Data are presented as estimated mean waist circumference with 95% con-
fidence intervals for each combination of the time-gender strata interaction in
the linear mixed models, which were additionally adjusted for baseline BMI and
age as fixed effects as well as subjects and RNPC site as random effects. The
median (IQR) number of days is presented at completion of the weight loss
phase [105 days (56; 175)] and weight stabilization phases [251 days (187;
350)]. Patients initiating the program (women: 9133; men: 2998), completing
the weight loss phase (women: 8030; men: 2643), and completing the weight
stabilization phases women: 2157; men: 814).
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3.5. Weight loss predictors

In the univariate models, baseline age, various body composition
measures and FPG as well as gender all predicted weight loss and
weight loss maintenance success (all P < 0.001) (see Table 2). The
association between baseline FPG and weight loss (during the weight
loss phase) remained the same after adjusted for age and gender,
however, the larger weight loss observed among patients with pre-
diabetes and diabetes in the univariate analysis disappeared after ad-
ditionally adjusting for baseline BMI [< 90 mg/dl: Reference; 90
to< 100 mg/dl: −0.06 (−0.44; 0.33, P = 0.78); ≥100–115 mg/
dl: −0.36 (−0.78; 0.05, P = 0.085);> 115–125 mg/dl: 0.34 (−0.34;
1.03, P = 0.33);> 125 mg/dl: 0.79 (0.18; 1.40, P = 0.011)]. The same
phenomenon was observed when evaluating the entire program (weight
loss + stabilization phases) [< 90 mg/dl: Reference; 90 to< 100 mg/
dl: −0.16 (−0.84; 0.53, P = 0.66); ≥100–115 mg/dl: −0.19 (−0.92;
0.53, P = 0.60);> 115–125 mg/dl: 0.23 (−1.04; 1.49,
P = 0.73);> 125 mg/dl: 1.42 (0.20; 2.63, P = 0.022)].

4. Discussion

The RNPC® program is effective for both weight loss and long-term
weight loss maintenance. A median 11% of initial body weight was lost
among the 89% patients that completed the weight loss period with a
median duration of 15 weeks. Approximately half of the initial sample
started on the weight stabilization phases of which half (25% of initial
sample) completed with a median 17% of initial body weight lost
during the entire program with a median duration of approximately 36
weeks. A median of more than 60% of initial body weight was lost as fat
mass during both the weight loss and weight stabilization phases.
Hence, there was no detrimental effect on body composition.

Several commercial weight loss programs exist, and the effective-
ness of these has previously been reviewed (Gudzune et al., 2015). It
was concluded that an average 2.6–4.9% higher loss of initial body
weight could be achieved after 12-months with the Jenny Craig® and
Weight Watchers®' programs compared to control (education). The
weight loss results obtained with the RNPC® program are more similar
to what clinical research protocols report using very-low or low-calorie
diets (Johansson et al., 2013). In general, weight loss programs with a
high number of counselling sessions (≥1 per month) has been shown to
produce greater weight loss and, more importantly, a better weight loss
maintenance than programs with a low number of counselling sessions
(Sacks et al., 2009; Voils et al., 2017; LeBlanc et al., 2011). The RNPC®

program encouraged visits at the RNPC® clinics twice a month during
weight loss and throughout the weight stabilization phases. The high
frequency of visits may partly explain the higher weight loss rate in the
RNPC® program compared to other weight loss programs (Gudzune
et al., 2015).

The use of meal replacements or meal substitutes as a part of a
structured meal plan was previously shown to be a safe and effective
method for increasing dietary compliance and hence leading to a
clinically relevant weight loss (Heymsfield et al., 2003). Also, meal
replacements for weight loss are generally more easily managed com-
pared to a normal weight loss diet regimen (Davis et al., 2010). Fur-
thermore, in the RNPC® program, the RNPC® meal supplements served
as an alternative to the high-GI carbohydrate and energy dense foods
which were excluded from the diet during the program. Hence, in ad-
dition to supporting the desired macronutrient composition, especially
by being high in proteins and fibers, the supplements supported the
adherence and manageability of the weight loss and weight main-
tenance diet during the program.

Evidence supports that high-protein diets may be advantageous
during weight loss and weight loss maintenance (Liu et al., 2015). A
high-protein diet is known to reduce appetite and ad libitum energy
intake (Belza et al., 2013). Also, in type 2 diabetics, shorter term (<6
months duration) high-protein diets caused beneficial effects on weight
loss, HbA1c levels and blood pressure (Dong et al., 2013). Also, a meta-
analysis of longer-term studies (≥12 month duration) with high-pro-
tein low-carbohydrate diets concluded that the short term benefits of
high-protein diets appear to persist at least partially long term, and that
the benefits are greater with high dietary compliance (Clifton et al.,
2014).

The importance of GI for weight loss has also been studied in a large
6-month study (Juanola-Falgarona et al., 2014). A moderate-carbohy-
drate low-GI diet was found more effective than a low-fat high-GI diet
for reduction of body weight and control of glucose and insulin meta-
bolism in overweight and obese adults. Another study compared three
weight loss maintenance diets; low-fat (20% fats, 60% carbohydrates,
20% proteins), low-GI (40% fats, 40% carbohydrates, 20% proteins),
and very low-carbohydrate (60% fats, 10% carbohydrates, 30% pro-
teins) (Ebbeling et al., 2012). It was concluded that the low-GI diet had
qualitatively similar benefits on energy expenditure to the very low-
carbohydrate diet compared to the low-fat diet, but had no deleterious
effects on markers of physiological stress and chronic inflammation as
observed with the very low-carbohydrate diet. This suggests that re-
duction of dietary glycemic load rather than dietary fat is favorable for

Table 2
Potential determinants for weight loss and weight loss maintenance.

n `10,809 Weight loss phase P-value n 2,996a Weight loss + stabilization phase P-value

Gender 10,809 2996
Women 8123 Reference 2172 Reference
Men 2686 −2.39 (−2.68; −2.09) <0.001 824 - 2.62 (−3.21; −2.03) <0.001

Age (year) 10,808 0.037 (0.027; 0.046) <0.001 2996 0.053 (0.033; 0.073) <0.001
Body mass index (kg/m2) 10,747 −0.56 (−0.58; −0.54) <0.001 2991 −0.88 (−0.93; −0.83) <0.001
Body weight (kg) 10,809 −0.18 (−0.18; −0.17) <0.001 2996 −0.26 (−0.27; −0.24) <0.001
Fat mass (%) 10,304 −0.29 (−0.32;-0.26) <0.001 2892 −0.45 (−0.51;-0.39) <0.001
Fat mass (kg) 10,304 −0.32 (−0.34;-0.31) <0.001 2892 −0.51 (−0.54;-0.48) <0.001
Fat free mass (kg) 10,304 −0.26 (−0.27;-0.25) <0.001 2892 −0.34 (−0.37;-0.32) <0.001
Waist circumference (cm) 10,776 −0.20 (−0.20; −0.19) <0.001 2992 −0.28 (−0.29; −0.26) <0.001
Baseline fasting glucose 7241 2186

<90mg/dl 1873 Reference 588 Reference
90 to< 100mg/dl 2258 −0.41 (−0.83; 0.01) 0.056 672 −0.22 (−1.04; 0.61) 0.60
≥100–115mg/dl 2080 −1.40 (−1.83;-0.97) <0.001 670 −1.42 (−2.25; −0.59) <0.001
>115–125mg/dl 420 −1.62 (−2.35; −0.89) <0.001 118 −1.96 (−3.44; −0.48) 0.009
>125mg/dl 610 −1.48 (−2.11;-0.85) <0.001 138 −1.73 (−3.11; −0.35) 0.014

Univariate linear mixed models were used to test the association between the baseline characteristics and change in weight during the weight loss phase (with site as
random effect) as well during the entire program (with subjects and RNPC site as random effects).

a As the RNPC® program is a dynamic program allowing patients to relapse to an earlier energy level of their program patients could have more than one
measurement at the final weight stabilization phase. The 2996 patients were observed 3105 times at this visit.
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weight-loss maintenance. Furthermore, the effect on weight loss
maintenance of diets with combinations of low- and high-protein and
low- and high-GI carbohydrates compared to a control diet were in-
vestigated in the Diogenes study (Larsen et al., 2010). The best diet for
weight loss maintenance was found to be the high-protein, low-GI diet.
This diet approximates the diet recommended to the patients in the
RNPC® program, and hence, may partly explain the successful weight
maintenance among the patients completing the program.

The RNPC® program was found to support the maintenance of fat-
free mass during the weight loss, and this may also be due to the high-
protein diet. A meta-analysis of 20 randomized controlled trials on
weight loss in older adults (> 50y), showed a greater retention of fat-
free mass and a greater loss of fat mass in trials with high-protein diets
(proteins> 25% of total energy intake) compared to trials with low-
protein diets (Kim et al., 2016). Furthermore, according to previous
weight-loss trials a minimum protein intake of 1.05 g/kg/d was re-
quired to achieve optimal retention of fat-free mass (Krieger et al.,
2006). The planned daily protein intake during the weight loss phase of
the RNPC® program was above this level, i.e.1.5 g protein/kg/d for men
and 1.2 g protein/kg/d for women. In summary, the combination of a
high-protein low-GI diet and counseling sessions twice monthly during
the RNPC® program potentially explains the effectiveness of the pro-
gram for weight loss in the short and longer term.

Traditionally, BMI has been the preferred measurement of body
size, and commonly used to diagnose overweight and obesity. Waist
circumference reflects abdominal adiposity (Ross et al., 1985; Pouliot
et al., 1994), and has been suggested as a superior measurement to BMI
for prediction of type 2 diabetes risk and CVD risk (Huxley et al., 2010;
Elbassuoni, 2013; Coutinho et al., 2013). Overall, the relative risk of a
CVD event increases by 2% for every 1 cm increase in WC (De Koning
et al., 2007). The WC reduction of 10–11 cm during the weight loss
phase and 14–16 cm during the weight stabilization phases of the
RNPC® program, therefore, corresponds to a substantial diabetes and
CVD risk reduction.

It is essential when evaluating the usefulness of different weight loss
methods not only to consider their effectiveness but also their cost. The
cost for the RNPC® program for the patients corresponds to the price of
the meal supplements (2.5 €/psc), whereas the individual consultation
is included in this price. During the weight loss phase, the price is ∼7.5
€/d for women and ∼10 €/d for men, and during the weight stabili-
zation phases the average price is 3.75 €/d for women and 5 €/d for
men. Hence, according to the median completion times determined for
the weight loss and weight stabilization phases for the RNPC® cohort,
the average price during the entire RNPC® program was 5.4 €/d for
women and 7.0 €/d for men. In comparison, the user fee of The Weight
Watchers®’ program was 0.7 €/d (for 6 months subscription), which
includes weekly group meetings and online support. However, no meal
supplements are included in the Weight Watchers®’ program. The cost
of Jenny Craig® is 1.1 €/d for weekly individual consultations plus
12.55–19.25 €/d for the meals, that is an overall 13–20 €/d price.
Importantly, no additional food should be bought by Jenny Craig® pa-
tients. The average cost of a freelance dietician in France is 40 € per
visit, corresponding to a price of 2.67 €/d for the same frequency of
dietician consultations as in the RNPC® program. Also, this price is
without the meal supplements provided in the RNPC® program. An
advantage of the RNPC® program, however, is the rapid decrease in the
cost of the program, as the weight loss phase, which is the most ex-
pensive phase, is designed to be short. Then, the cost gradually de-
creases with the progressive transition to a normal weight maintenance
diet without meal supplements. This supports the patients' to maintain
their weight loss on longer term, and after completion of the program,
the patients are encouraged to continue the consultations at the dieti-
cians free of charge to maintain their motivation for weight main-
tenance.

As alternative to weight loss through lifestyle modification, new
pharmaceuticals have recently entered the marked for weight loss

(Khera et al., 2016). For instance, the GLP-1 analogues (e.g. Liraglutide)
have been shown effective for long-term weight loss (le Roux et al.,
2017). However, they have to be injected daily and are rather ex-
pensive. Furthermore, pharmaceuticals have side effects and do not
focus on improving the behavior and lifestyle of the overweight/obese
individuals. Moreover, the treatment may be life long, and hence, costs
may not decline over time. Gastric surgery is likewise an option for very
obese individuals, but the method is costly and frequently gives rise to
complications or adverse effects. Furthermore, nutrient malabsorption
is frequent and requires special lifelong dietary supplements to avoid
deficiencies.

Recently, pretreatment FPG was identified as a prognostic marker of
weight loss during periods of characterized dietary composition.
Specifically, the available research suggests that three groups of in-
dividuals representing normoglycemic, prediabetic and diabetic groups
– may respond differently to different diets (Hjorth et al., 2017; Astrup
and Hjorth, 2017). Normoglycemic individuals (FPG<100mg/dL)
with overweight and obesity appear to benefit the most from low-fat
high carbohydrate diets (Hjorth et al., 2017; Wan et al., 2017), pre-
diabetics (FPG 100–125mg/dL) may benefit most from increasing the
amount of dietary fiber and reducing the glycemic index of the con-
sumed carbohydrates (Hjorth et al., 2017, 2018), and individuals with
FPG higher than 125mg/dL (in many cases individuals with type 2
diabetes) should not only focus on the quality of the carbohydrates but
also reduce total carbohydrates and increase dietary fat intake (Hjorth
et al., 2017; Estruch et al., 2017). Normoglycemic individuals with FPG
90–100mg/dL may also benefit from increasing fiber intake (Hjorth
et al., 2018; Urban et al., 2017) and prediabetic individuals with FPG
115–125mg/dL may have a benefit of increasing the amount of dietary
fats on the expense of total and high glycemic index carbohydrates
(Hjorth et al., 2017; Estruch et al., 2017). In our search of pretreatment
determinants for weight loss during the RNPC® program, we identified
gender, age, body size and body composition as well as FPG. From these
univariate analyses the higher protein and lower GI diet appeared to
work best in patients with prediabetes and diabetes. However, this as-
sociation disappeared after adjusting for baseline BMI implying that
baseline body size, known to affect both FPG and the ability to lose
weight, is a confounder of the association between FPG and weight loss
in the RNPC® program. The reason for baseline body size to be strongly
associated with weight loss in the RNPC® program is likely due to pa-
tients with larger body size being encouraged to lose more weight.
However, as pharmaceutical as well as dietary induced weight loss has
generally been reported to be less efficient in patients with type 2
diabetes (Franz, 2007) this diet higher in protein and lower in GI seems
as a dietary approach that works for diabetics (and prediabetes).

Strengths of the current study was its free living set-up in which we
were able to test real-life efficacy of the novel RNPC® weight loss pro-
gram in a very large sample size. Indeed we adapted a modified version
of the best nutrient distribution for weight loss maintenance reported
among 159 patients in the Diogenes study (Larsen et al., 2010) and
tested this approach in several thousand patients. However, the lack of
a control group prevented comparison with a non-RNPC® program
group such as education or standard care. Therefore, in the discussion
we compared the results from the RNPC® cohort with the absolute and
percentage weight loss found in RCT testing other weight loss programs
compared to controls. We observed a low drop-out rate during the
weight loss phase (11%) but a large drop-out immediately after com-
pleting the weight loss phase (37%), as only ∼50% continued on the
weight stabilization phases. Roughly 50% of those continuing on the
weight stabilization phases also completed. The reason for this rela-
tively large drop-out after the weight loss phase and during the weight
stabilization phases is uncertain. As the drop-out rates during the
weight stabilization phase were unevenly distributed according to
baseline BMI, age and gender, we adjusted for these parameters in our
models. The 2996 participants who followed all the steps of the pro-
gram initially lost more weight during the weight loss phase compared
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to those not completing all phases of the program. Moreover, they
continued to lose weight throughout and ended with an impressive 17%
reduction of initial body weight in approximately 36 weeks. As these
patients continued losing weight during the weight maintenance
phases, the importance of following the entire program and not stop-
ping after the weight loss phase should be highlighted. Furthermore, it
has been shown that continuation of conditions that promote weight
loss also promotes maintenance of this lower weight (Ross Middleton
et al., 2012), highlighting the importance of maintaining regular visits
to the RNPC® centers even after weight loss and stabilization have been
achieved.

In conclusion, the RNPC® program is cost-effective and well toler-
ated for short-term body weight loss as 89% of patients completed the
∼15-week weight loss phase with a median 11% of initial body weight
lost. For unknown reasons, drop-out rates were high before and during
the weight stabilization phases and only 25% completed the entire
∼36-week program. However, among the patients completing, the
program was highly effective and resulted in a 17% reduction of initial
body weight. The program was particularly effective among patient
with elevated fasting plasma glucose although likely to have been
confounded by baseline body size.
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